INTRODUCTION.
Hibernation, a natural model of tolerance to "cerebral ischemia", represents a state of pronounced fluctuation in cerebral blood flow where no brain damage occurs (1) . Numerous neuroprotective aspects may contribute in concert to such tolerance. The purpose of this study was to determine if hibernating brain tissue is tolerant to penetrating brain injury modeled by insertion of microdialysis probes.
METHODS.
Guide cannulae were surgically implanted in striatum of arctic ground squirrels before any of the animals began to hibernate. Microdialysis probes were then inserted in some animals after they entered hibernation and in others while they remained euthermic. After 3 days implantation of microdialysis probes, the brain tissue from hibernating and euthermic animals was examined by hematoxylin and eosin (H & E) stain and immunocytochemical identification of activated microglia, astrocytes and HO-1 immunoreactivity. Total white blood cell counts were performed on both hibernating and euthermic animals to assess leukocytopenia.
RESULTS.
White blood cell counts decrease from 6357 ± 2739/mm 3 in euthermic animals to 456 ± 98/mm 3 in hibernating animals (mean ± SD, n=8-10, p<0.0001 main effect of state). Examination of H&E stained tissue sections indicated obvious histological changes, including reactive astrocytosis, microglial activation, macrophage infiltrate, and axonal swellings around the probe track in euthermic animals while there was no significant cellular tissue response around the probe track in hibernating tissue. Activated microglia (Fig. 1) and astrocytes, identified by RCA-1 binding and GFAP immunoreactivity, respectively, was more intense around the probe tracts (arrow) in euthermic animals compared to hibernating animals. Hemeoxygenase-1 (HO-1) immunoreactivity, a marker of oxidative stress response induction, was dramatically attenuated around probe tracks in hibernating animals compared to euthermic controls.
DISCUSSION.
The present results revealed by histopathological analysis suggest that hibernation is neuroprotective. In euthermic brain tissue the typical inflammatory response was evidenced by the presence of activated microglia and astrocytes and the oxidative stress response. However, these responses were profoundly suppressed in hibernating animals. The significant degree of protection during hibernation likely results from a combination of neuroprotective aspects, including hypothermia, leukocytopenia and an increase in extracellular concentrations of ascorbate during hibernation.
